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System* anil materia 1nr down bote nommunmatiftn ano? measurement uhlFing an imprnvee? mfitallif: HHxili*r {30) ha'/inc* an 
elongated body with (ubul^r '/.-alls snd a cenlral bare (32) atepbed to receive a run-in tool (10). The iubular indu-din^ slotted 
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stations to provide through-tubular signal transmission sndtor recaption. Hydraulic isolation between the interior s-nd exterior of 
til* rulxil;*r i* ptovidftrt ?/y pressure hamer imans jtftn* slotted tfaunns Sensors andtorsoumfi* ar* mounted nn tli* urn in ronl, 
which is adapted for transmission Ihrough s- drill siring to engage v<i1hin the fubulsr in align nientwth (he dotted stations. A run-in 
tcol r/ontigurahon include* & marJulfllnT ror real lime wiralaa* r.^mnuinir.-tfion wrh the .turtor.* antfhr remote flown hole ronl^ A 
tubular *nd run-in loci configuration also includes inducli'/e couplers (122) for wireless signal dala Iransfer. A method for 
maafturms a formation r:haract*ns1in i>tili7in£ a run in md adapted Willi an intafdi*nge;*hlfi end sacynent tor ouilli morte 
do'.vnhole transport. Methods for sealing ^n opening (33) on the surface of * fubcilsr having an elongated bod/ v/ith tubular '.'/alls 
and a tx? nmi bora 
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FIG. 12a 
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FIG 14 
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FIG. 17 
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FIG. 19a 
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FIG. 22a FIG. 22 b 
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DRILL A BOREHOLE THROUGH AN 
EARTH FORMATION WITH A DRILL j ^ 
STRING INCLUDING A TUBULAR SUB | 
WITH A SLOTTED STATION. EACH SLOT 
FULLY PENETRATING THE TUBULAR 
WALL TO PROVIDE CONTINUOUS 
PASSAGE OF EM ENERGY 



ENGAGE A RUN- IN TOOL ADAPTED 
WITH SIGNAL TRANSMITTING AND/OR \~" m 
RECEIVING MEANS WITHIN THE SUB 



LOCATE THE RUN-IN TOOL WITHIN 
THE SUB TO ALIGN A SIGNAL TRANS- 
MITTING OR RECEIVING MEANS WITH 
A SLOTTED STATION 



TRANSMIT OR RECEIVE A SIGNAL 
THROUGH THE FORMATION VIA THE 
TRANSMITTING OR RECEIVING MEANS 



^320 



FIG. 25 
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ADAPT A DOWNHOLE TOOL WITH 
SIGNAL TRANSMITTING MEANS AND 
SIGNAL RECEIVING MEANS 



ADAPT THE DOWNHOLE TOOL WITH 
END MEANS CAPABLE OF ACCEPT- 
ING A FISHING HEAD OR A CABLE 
CONNECTION 



WITH THE FISHING HEAD ON THE 
TOOL, ENGAGE THE TOOL WITHIN A 
DRILL STRING TO MEASURE A FOR- 
MATION CHARACTERISTICS TIL /ZING 
THE TRANSMITTING AND RECEIVING 
MEANS] AS THE DRILL STRING 
TRAVERSES THE BOREHOLE 



WITH THE CABLE CONNECTION ON 
THE TOOL, CONNECT A CABLE TO THE 
TOOL AND SUSPEND THE TOOL WITH- 
IN THE BOREHOLE TO MEASURE THE 
FORMATION CHARACTERISTIC UTI- 
LIZING THE TRANSMITTING AND 
RECEIVING MEANS 



FIG. 26 
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PLACE AN INSERT WITHIN THE 
TUBULAR OPENING, THE INSERT 
FORMED (N THE SHAPE OF THE 
OPENING 



APPLY BONDING MATERIAL TO THE 
INSERT AND /OR OPENING 
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PLACE AN INSERT WITHIN THE TUBU- 
LAR OPENING, THE INSERT FORMED 
IN THE SHAPE OF THE OPENING 



PLACE RETAINER MEANS WITHIN THE 
TUBULAR TO SUPPORT THE INSERT 
AGAINST THE OPENING 



FIG. 28 
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DOWN Jl OLE SIGNAL COMMUNICATION AND MEASUREMENT THftOUGH 

A METAL TU BULAll 

1 . BACKGROUND OF THE INVENTION 
1.1 Field vf the Iavcnlioni 

'Ifiis invention rdafes generally to investigation of subsurface earth formations, 
systems and methods lor 1nmKiiaUUn£ arid/or receiving & signal llirough a metallic tubular, 
imd } moroparliwlujrty: to o <tevrce lor rewivtng a ruti-iu lool, 

1«Z Description of Related Ai t 

Resistivity and ganuna-ray logging arc the two formation evatofttfofl. 
m wwuTwxterxia most olten iji well log&fng. Such fti^8in , anciife arc used Co locate and 
evaluate the- properties of potential hydrocarbon bearing, zones hi subsurface formation. 
Iu many well*, Ibey Are (be Oflly two m&ASUWM<31l& pcrlbmicd,- particularly in low cost 
well a ami m surface and mtermediate actions of more e*penj&i v* wells. 

These logging tcuhnii[ucij nrv rcaliitcd in different ways, A well toot, comprising 
a number of transmitting and defecting devices far measuring wriouu parameter^ can be 
lowered info a borehole on die end of a cab I e > or wireline The cables winch attached (o 
sonic sort of mobile; processing ucnlcr al the surface* is the means b> r wliich parameter 
data is sent up to the surface. With this type of wtaliae lodging, il bocomcs possible fo 
measure bordiolc and foiiiiafion parameters as a function of deptb, i.e., while the lool is 
being pulled uphold 

Some may wl be logged bwuues wireline logging is too expensive, *i\\m 
rig time is included in the totaJ cost. Conditioning the well for wireline fogging, ilgging. 
up flic wireline fools^ and the time fo run the wireline uoote id and out require rig time. 
Hori/iOTjitf). or deviulxal wdte also prawit inoxasod cost aiid difficulty (or ttie of 
wireline tools. 

An *Ut$matiYC (o wirdiuo logging techniques is the coll&etmn of dak* on 
downhafe conditions during tlio drilling process. By colleuling «iu1 lxoccssing sucli 
m formation during Iho drilling process, the driller can modify or concct key steps oftlie 
operation fo optimize performance. Scheme* lor collecting data of downhote conditions 
and movement of flic drilling assembly during the drilling operation are known a* 
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Measurement While Drilling (MWD) techniques. Similar technic focusing more on 
measurement of formation pararnrtiaw tliaii on uxmmuil of the drilling dascinbJy ai<e 
know as Logging WMle Drilling (LWU). As wr(h wireline Jogging, flic use of LWD ami 
MWD tools may not l>e justified due Jo the cost or the equipment and the associated 
5 service sbeo Hie tools are in the hofe lor Hie entire time it fakes Jo drill the section. 

Logging While Tripping (LWT) presetits & cost-effective alternative to LWD and 
MWD teii>irii<|ucs. In LWT,. a small dimeter "mn-in" tool is sent downJiole elite ugh tho 
drill pipe, at the end of a bit run, just hefore ih* drill pipe is pulled. Tho run-in tool is 
iwcd to measure the down hole physical quantities as the drill striug is extracted or tripped 
to out of the hole. Measured data is recorded rmo (ool liranoiy versus tiiiie during the 1rip 
out. At the surface, a second set of equipment recoil* bit depth versus time for 'the trip 
out, and {his allows the measurements' lo bo placed on depth. 

U.S. Pat. No. 5,589,825 describes a LWT technique incorporating a logging tool 
adapted lor movement through a drillslring and into a drilling sub. The '825 patent 
is descril>es a sub incorporating a window mechanism to permit signal communication 
between a housed loggiug (ool and the wellbore. The window mectianiani is operable 
between an open and closed portion. A disadvantage of the proposed apparatus is that 
flic open- window meehanism directly exposes the logging tool to the rugose and abr&sive 
boioholc environment, where fanuatiou cuttings are likely lo damage die Jugging tooJ and 
20 jam the window mechanism. Dowuhole conditions progressively become more hostile ul 
greater depths. At depths of 5,000 to 8,000 meters, hotlom hob femperatirrcs of 260*C 
and pressures oi" 170 Mpa are often encountered. Tins exacerbates degradation of 
external or exposed logging (ool components. Thus, an open-window stiuctuie. i> 
impractical Co* use in a dowuhole environment. 
1* UK Patent Application GB 23.17546A describes a composite structure 

incorporated williin a drill collar to permit tlie passage of elcctroinagnelic energy for use 
in measurements duritig the drilling operation. The 4 546" application describe* u drill 
collar having void* w recesses with embedded composite covers. A disadvantage of the 
apparatus proposed by the '546 application is the use of composite materials as an 
io iniegml pari of tJie drill collar, fatigue loading (i.e., the bending and rotxung of the drill 
pipe) becomes an issue in drilling operations. When time drill pipe is subjected to beudiug 



2 



24.0806 

or ior«i £ jii, the shapes of the voids or recesses change, faulting in stress failure and poor 
sealing, The differences in material properties between the metal and composite covers 
are diflicult. to manage properly whore flic composite mid metal sre required to act 
mechanic Ally a* eiie piece, such a* described in the 'S4f> Application. 'Jfiiift, foe increased 
propensity for fai lure under the extreme- stresses arul loading eucourHercd during drilling 
operatiorja makes unplcrnentation o I" the 0 cstcri bed sti nccunj impractical . 

t'J.tf. Pat*, Nos, 5,9SS,SO0 and describe a composite tube Blructuie 

adapted for use in a drillslrirjg. The '300 and 1 1 24 patents describe a picccwise structure 
including a composite tube useanblcd witli end-ttCliiigs and an mnjer wrapping connecting 
the tube Willi tlic cud-fittings. Qi. addition to high, manufacturing ousta, another 
disadvantage of this structure is that the multi-part assembly is more pwne to Muic 
unO cr flic extreme sf jesses enco untened during dri 11 i ng uperaiioiis. 

US. Pal; No. 5 ,939,8 H 5 describes a well logging apparatus including a mounting 
member equipped with coil antennas at)*! housed within a sJotled drill col tar. However, 
the apparatus is not designed for LW'T operations. US. Pats. No* 4,041,780 and 
4,047,430 describe a. logging instrument Chat is pumped down into a Mil pipe for 
obtaining logging sample* However, the system proposed by the 750 and '430 patenlB 
requires the withdrawal of the entire drill string (Ibr removal of die drill bit) before my 
logging may be comincaicod. Thus, implementation of foe described system is 
impractical and nor cost efTcotivo for many opsi*(ions. 

US- Pat. No. 5^60,4^7 doseiibcs a telemetry method and apparatus for obtaining 
measurements of downhole parameters. The l 437 patent describes r logging prone that is 
ejected into the drill allium The logging piobe includes a sensor at one end that is 
positioned through an apertute in a special drill tut uL Ihc end of the drill string. As *uch, 
the serwrn- 1m a diroct access to the drill boro, A disadvantage of the apparatus propo&ed 
by Ihe '437 patent is the sensor's direct exposure to the damaging conditions encountered 
downhole. Hie use of a small probe protruding through a rmhII aperture is alao 
inumictical for resistivity Ioggiug 

US. Pat. No, 4,914,637 describes a downhole tool adapted for deployment from 
the surface thrush Hie drill string U> a desired locatbn hi the conduit. A modular^ en 
the tool QiramGg gathered argiud data to the surface. U.S. Par. No. 5,05t),fi75 (assigned 



to Clic present assignee) describes a periortttmg apparatus incorporating an inductive 
coupler configuration for signal communication between the surface and the dmwhofc 
toot U.S. Pat. No. 5,45.5,573 describes an inductive coupling device? for coaxialjy 
arranged dowrftcjlc loolu. Dcwnhole techniques have aEso been proposed utilizing slotted 
tubes. U.S. Pat. No. 5,372>2{>S tlrecribca flic use of dolled tube sections y$ part of a drill 
string to sari ipJc ground water during drills However, none of flics© proposed systems 
rcia to to tluougji-tub i rig rrjctw urraiicnf or signal Iran <* for. 

II ffi tfewrabli? to obtain a s imp]? fed and rcliahte LWT syetan and method » for 
broiling and evaluating tfj* properties of potential hydrocarbon tearing zones in 
subBiir&cc formations. 'Ilnw, theft? remaira a need for an improved LWT eytfean and 
methods fortransiuiltiiig md/or receiving a giguul through an earth formation. Thereto 
nsmttins a need for a technique 1u measure the characteristics of a subsurlaw fonnafion 
with the use of & versatile apparatus capable of providing 1,WT, LWD or wireline 
uiw^uranouts- Yet another twrouxriiig ircod is that of cDbclivc technique* for scaling 
apertures on the surface of tubular members used for down hole operations. 

2, SUMMARY C# THIS INVENTION 

Syslems and methods are provided utilizing an improved downhofe tubular 
having an elongated body wilh tubular walls and a yenti*l boro adapted Ui rrocivc a run-rn 
loot The tabular has at least otra srlol formed in its wall lo provide lor continuous 
passage ol" a signal (c*&, electromagnetic raergy) fliat is generated or received 
respeeTiwly by a source or sensor mounted on the run-in tool The. tubular at$o includes a 
pressure barrier within flic central bore to maintain hydrauJto integrity between the 
inferior and exterior of Lho tubular at the slotted station. 'Hie tubular and run-in UioJ 
combination* provide systems and fndlioda for dcwnhole signal communication and 
fOTtiuiluHi measurement Chmugh a metallic tuhul*r, A technique ibr measuring a 
formation characteristic utilizing a mn-Lci tool adapted with, a multi-mode en J segment is 
provided. Techniques are also provided for effectively scaling openrng* on the siu-fece of 
tubular members. 

The mveiUwci lmovides a downhoto tubular ooinptiwing. an elongated body with 
tubular walk and a central hone, the body uicTudrr<g at least one slot formed therein such 
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that the slot, fully penetrate* tubular wall; and. means 1o provide a pressure barrier 
between Clip interior and exterior of the lubulur wall, the nxeans located within Clio central 
bore in alignment with flie fit least one slot. 

The ifivcnlion also provides a sydeiu for receiving a run-in tool. The system 
s comi arising a sub havi n g an elonga tod body with tabular- walls and a central bore, Oxe aiib 
being adapted to Jbnn a portion of a length of drill siring. The sub including at least one 
station having at least one slot formed luenaix such, that the slot fully pentfnilcs the 
tubufsr wail to provide a continuous channel for me passage- of a signal. The run-in tool 
being adapted Ihr Cranial through the drill airing and into the cental bore of the « H b. The 

i o system a]#> i u eluding ineaiis for receiving the ran- i ri tool within the sub. 

Ilic invention also jarovides a system Jor receiving a riui-in tool. The system 
cottiprising a sub having an elotxgatcd body with tntoikr walls and a central bore, the sub 
being adapted to form a portion of* length of drill scritig. The sub inclnding at least one 
inductive coupling means disposed thereon. The sab including at least one sigcial uouice 

w or sensor disposed thereon. The rujMii toot including at least one inductive oonpluig 
means dttpused (hereon and being adopted for transit itamigh the drill utring and into the 
eenhal bore of the sub. TV, tsyefcm also includiixg means for receiving the run-in tool 
within the Ai)b, 

The invention also provides a method for transmitting and/or receiving a signal 
ift through, an earth formati on. The method compri sing drilli ng a borehole through the earth 
formation with a drill string, the drill string including * uub having an elongated body 
with tubule walls and including at least one station having at Tea* one slot Jbmieu 
therein, each at least <mc slot folly penetrating the tubular wall to provide « contiuuoufi 
channel tor the passage- of a signal; engaging a mn-in tool within the eub, Ilic run-in tool 
25 being adapted witfi signal tausmitfrng mean* and/or signal receiving means; locating the 
iiux-m lool within the sub such (hat at least otxs signal transmitting or receiving mean 5 is 
aligned with at least one slotted Nation on the «ub; and transmitting or receiving a signal 
through the formation, respectively via the transmitting or receiving means. 

The invention also provides «, method for measuring a characteristic of at, earth 
yj formation mmwixidiug a honhob. The method comprising adapting a dowuholc tool 
with at least tme signal transmitting means ard at least one aigual receiving means; 
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adapting the dowiiholc tool with end means cqpobfo of aocepting a filing head or a cafcl* 
carmcption; and with the fishing heart on Clio tool, engaging tfie tool within a drill string to 
measure the lotttiflCion diaiaGtcristic utilizing the transmitting and receiving means; or 
with the cahTe coxmecliuu on the tool, connecting a cable to the fool fUiO suspending the 
looi within the borehofe to meurtuxo toe formation characteristic utilizing the transmitting 
and receiving means. 

Tlic invention also provides a method for se&Kug a fully penetrating oircnhig on a 
tubular, ihs tubular having an elongaLctl body with tubular waIIx a central Invrc 
adapted lor fluid passage. The method comprises placing m insert withen the opening, 
the insert beiug fanned in the shape of the opening; aud apj>fying a bonding material to 
the insert aikl/or opening to bond the insert within the opening. 

The invention also jirovhles umclbod for seating a fully penetrating opetiftjy on a 
tubular, the tubule having an elongated body with tubular walls and a ventral bono. The 
method comprising placing an insert within the opening die iuBerl being formed in the 
shape of the opcdn^ > and placing retainer meayjtf wilhin the fubuTar to'tfuppoit the insert 
against the opening. 

3. tiJUEPDRSCKJPTIONOB 'J IIK DRAWINGS 

Other aspect *wd at! vantages of the fovenLHjn will become apparent upon reading 
the fallowing detailed description and Upon rdxmice to the drasvingB hi winch: 

Pigure ] is a schematic diagram of a run- in tool iu accord with the invention. 

figure 2ft is a cioss-scctional view of a. run-in toof showing & l anteaina with 
associated wiring and passages in accural with the invenlion. 

Figure 2b is a schematic dttgram of a shield structure suiiounding fui antenna on 
the ran -in tool in accord with the invention. 

Figure 3 is a schematic diagram of a tubular member with slotted Btotious iu 
uccMml with the invention. 

Figures 4a mxi 4b arc schematic diagrams of a mn-i/i lool engjagied within a 
tubular ni ember in accord with the invention. 

Figure 5 graphically illustrates tlic relationship between the aTcrt dimensions of a 
tabular segment nf the invuitian and the attenuation of passing ^lcrfroinagn^tic energy. 
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Figure. 6 is a schematic diagram of A run-in tool wifli a centa)]^- configuration b 
accord wi th the i ri venlion. 

Figure 7a is a cross-secttonjil view of a tubular member with a pressure barrier 
configuration in accoiti will tlie invention, 

Pfgiu* 7b /y a orosB-sccfioual view of a flaw-dotted tubular member of Figure 7a 
along line A-A. 

Figtiro 8a is a cross^AectioraT view of h tubular member with another pressure 
barrier t^nfiguiuiion in accord witl) the invention. 

F igure 8b is a cross-tfwlioiial view of a thiee^Ioltad tubular member of Figure Sa 
along ']ji»B-B. 

Figuio 9a u a cmss-aselional view of a ran-ln tool positioned in aTrgomuit with a 
pleasure barrier configuration in accord wj£h (he invention. 

I?r&ure 9b ia a lop view of the mn-in fool and pressure harrier configuration of 
Figure 9a. 

Figure 10 is a cross-sectional vbw of a pressure barrier and tubular mervbw 
configuration in Accord with flic invention. 

Figuio 11 is a cjoa^sectrou&l view of a slotted lobular member witli «n insert* 
seal, and retaining sleeve in weeurd with the inventio/i, 

Figures 12a and 12b nre oro&y-scdional views antf cul-away perspectives of a 
slotted tubular station wctb a tapered slot cnul a corresponding tapered insert in «w;oid 
xvifli fhc invention. 

Figure 13a is a schematic diagram of a run-in tooi and Mtcmia cccenieroil mthrn a 
tubular ni Bin! i« ill accord with the invention* 

Figures 13b and 13c jjjt* rohematio diagram* of a run-to tool and antenna 
suirouuded by a Ricuwig shield and respectively showing tlie shield's effect ofji Ibc 
magnetic and electric fields in accord with the invention, 

Pigwre 14 is a top view of st »?jLwldiug stiucture fomtcd within Ihc bore of the 
tubular member in accord with the- invention. 

Figure 15 is a scheme diagram of a ahidding structure fomied by « cavity 
within the run-in tool in accord with ttie invention. 
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Figure U is a schematic diagram of a mu-jfi Cool including a modulator engaged within a 
tubular member in accord wtf i the uivefltro-n. 

Figure i 7 ik a schematic diagram of Lhc nm-ui tool cun figuration of Figure 16 iw used for 
rcal-tinx wcJcss comnniflteafittTi with a ranotcdowtLliul&fooI in accoid wtfh invention. 
5 Figure 18 is u schematic diagraTri (if a run-in tool configuration for parody 

iriea&urentenl* utilizing magnetic liudsar resonance technique* in accord with the Invention. 

Figures 19a and. [Oh sru thematic diagram of run-in tool antenna uonfigwntions wtthin 
tubular member* in hc cord with the invention. 

Figure 20 rhows schematic diagram? of a Cubuiai 1 member and run-in tool cun Figuration 
10 with inductive coupler s in accord wi th the i uvention. 

Figures 21a and 2 Jb rewjieoliwiy show a schematic diagram an eecsntered run-in tool 
arid tubular i number with, indued ve coupler* and a top view of the cimvTguration in accord wilh 
the invention, 

figures 22a and 22b arc schematic diagrams of an inductive coupler configuration wcthin 
J 5 a nin-j/i tool and Lnbutar member h) accurd with the invojurlon. 

Figure 23 is a aras-sectiunal view of an inductive coupfcr and shield configuration 
mounted within a tubular member in accord with the invention. 

Figure 24 is a achemulic diagram of a simplified inductive coupler circuit in accord with 
(ho invention. 

20 figure 25 is a flow chart illustrating a method (br transmitting aiid/or recei vrng * signal 

through an earth formation in acooitJ with the invention. 

Figur* 2fi is a flow chart illustrating a. method tor measuring a ch?tnwrfcaisfic of an earth 
iorjxi aticin 9urro»ndi»g a borehole in accord with the invention. 

Figurc 27 is a fin w chart illustrating a method far mating a[J ojxming on LEie surface of a 
25 tubular member in accord with Itaiirvcntjon. 

Figure 28 is a flow chart riluaCruling a method for sealing a fulty penetrating opening on a 
surface of a tubular Tncmhcr ift accord with the invention. 
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A. DETAILED DKSCkl PTfON OF SPECIFIC BM COMMENTS 

lu the interest ol'gbirity, not all features of actual iniplcanantation we described in 
tKijs Kp^JIc*ticixi. It will be appreciated itftl although the development of any audi, actual 
implementation might wnuplex and time-consxixuuig,, it would nevertheless be a 
to utiic undertaking for those ol" ordinary skill in the art liaving the bene Hi of this 
disclosure. 

Hit? apparatus of the f nation cxttisisfs of two maifr assets, a mn-in tool (RIT) and 
a drill cnlbjr, Henceforth, thedrifl coTlwwiUti^rcfcaiedfo as the xuh> 

4.1 RIT 

Figure 1 sliows an ednbodij(ri<aU of flic RIT 1 0 ol fc the invention. 'Ifte RIT 10 is an 
elongated, wndl-diraiirtcr, metal mandrel lhat may contain Me or more anfeonss 12, 
sources, sensors [sensor/itetwlor anc inteichangeabTe taims as used hefian], inagnet% 4 
g^rirnu-i^y drtoctoi/gcmerator assembly, uciitroii-geiier^!fifi/dt?lcctiiig assemWy, various 
electronics, baUeriwi, a downhbJe processor, a dock, a read-out port, and recoaJinj/ 
rneroory {no L sJiown) . 

The RIT 10 docs not have the mechanical rcquiicanents of a drill collar. Thus, ife 
niccliauicaJ constraints at* greatly reduced. The RIT 10 has. a Taking mechanism 
(dinger) 14 on tJi« bottom eod yiid a fishing head 16 cm the top. The Bailing head 16 
allows lor the RIT 10 to he captured arsd rcliicvcd from within a, sub with the uw of a 
wnvcntional extinction tool * u di as the one descried in US. Pal. No. 5,27H,550 
(assigned to the presKsnt assignee). An advantage of the fishabl* RIT 10 assembly is a 
reduction o f" J -O8t-Di-Holc costs. 

As shown in Kigurs 2y, each antenna ! 2 cri [lie RIT 1 0 cotttfiats of lmilti-twoi wive 
loop* erased in fibergtoss-epoxy IS mounted in a gjouve in the KIT 10 pressure housing 
and sealed wilh rubber ovtr-moldfog 20. A feed-through 22 provides k passage for the 
antenna 12 wiring, leading to an inner bora 24 within the R3T IQ, Each ant^rjna 12 may 
be activated Co rcixivc or transmit an slwCromagnetic (fTM) signal as known in the ait 

The HiiCamas 12 radiate m azemuthat efeoUw field. Bach unlwuia 12 is ptofcrabJy ' 
surrounded by a sfaiules^fcied rfiicld 20' (similar (a those described in U.S. Pal, No. 
4,945W5, assigned to the present assignee) iH»i lias one or more axiaJ slow 28 grayed 



24.0806 

wound the shield 26 circutn lerence. Figure 2b shows the atial dots 2S distributed around 
the clrcumfenroe of Che sdiioM 2fi. The shields 26' arc shoit-ci railed at Che axial end 8 
into the metal mandrel body of the Urr 10, These shields 26' permit transverse electric 
(TB) ladiation to propagate Ihrough while blocking transverse magnefo (TM) and 
trans-verne doohmnagnotic (TKM) radiation. The shields 26 also protect the antennas 12 
from external damage. The RIT 10 electronics sod sensor aichitectiue resembles that 
described in U.S. Pat, Ho, 4,899,1 1 2 (argued to thopresent assignee). 

4.2 Sul) 

Mgure 3 shows an embodiment of a sub 30 of Iho invention. The sub 30 has an 
elongated body with tubular walls and a central bore 32. The sub 30 contains nattier 
electronics nor sensor* aid is fully metallic, preferably formed from stainless steel. It i» 
part of the nonnal bottom hole assembly (BHA), and it is (U Uk hole with the drill siting 
for the duration of the bil run. The sub 30 has mooul [hiaidod oil Held connections (pin 
and box) at each end (not shown). 

'I "he $ub 3.0 includes one or more stations 36 with one or. more axial slots 2% 
placed along 1hc tabular wall- Hach elongated axial slot 38 fully penetrates the tubuhir 
wall of the sub 30 and is preferably formed with fully rounded aids. Stress modeling lias 
shown that raiher long slots 38 may 1>e Ibrtnw] in the sub 30 walls while still maintarrriog 
Ihc structural tnfcgiity of the sob 30. Stress relief grooves 40 may be added to the OD of 
the sub 30, in regrofiK nway from the s(ot(s) 38, lo mhiimizse the bending moment on tbc 
slou>) 38. 

Bach slot 38 provides a continuous chatuicl for electromagnetic cnwgy to pa*? 
Uuough the sub 30, The slots 38 block I'M ratlin lion but allow Ihc passage or TB 
radiation, albeii with some attenuation. The degree of attenuation of TE fields by die sub 
30 depends on factoas such z» frequency,, the number of slots, slot width, slot length, 
collar CD and ID, and the location and dimensions of the RIT 10 antenna, for example, 
Figure 5 show* the 8U b 10 attenuation measured at 400 kTIz with a 25-tum US-inch 
diameter coil centered in 3.55-i»chID > 6. 75-inch OD subs 30 with one or Iwo slots 38 of 
different lengths and widUis. As evident liwu Figuro 5, adding more slots 33 and making 
the sluts longer or wider decreases tlio attenuation. However, with only one or two 0.5- 
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inch wide 6-8 inch long slots 38 , lhe sub 30 attenuation is already ~1S dB, which is 
suf fici entry 1 i>w for many applicati ons. 

Li operation, the \UT ].() pumped down and'or lowered though Jho diillstring 
on cable at the end of the bit run and engaged inside the sub 30, The RIT tfl is received 
by a landiug "shoe" 42 within the central boie 32 ©I" the Bub 30, as shown in Figme 4a, 
Figure 4b, shows how the RIT 10 is located m (he sub 30 so that efwh antenna 1 2, source, 
or sensor is aligned with ft slot 38 in the sub 30. The landing shoe 42 prefejably also lwu 
a latching action to prevent «piy axial motion of tlie FIT 10 once if fa engaged inside i>ic? 
sub 30. 

Turning fo Figure 6, an embodiment of the invention includes a ccnlralizer 44, 
which selves fo fceqp lhe RIT 10 centered atid stable within die »ub 30, lowering shock 
levels mid reducing tlie etTecis of tool motion on Che measurement. One or mem 
confralizers 44 may be mounted withm the central bore 32 to constrain the RIT 10 and 
keep it ftoin hitting the ID of Che sub 30. One or more spring-blades 46 may also he 
mounted to extend from the oentializer 44 to provide positioning stability for the KIT 10, 
The spring-blades 46 arc compressed agaiuBl. Iho KIT 10 when it is engaged withm the 
$ub 30. Bolts 48 with O-ring seals 50 may be used to lxold the centralr/e^a) 44 iu the sub 
30 while preserving lhe pressure barrier heiween the ID and the CD of the sub 30, 

Alternatively, the eefitruJivsta' 44 may be in nun ted on the RJT 1 0 rather than on the 
sub 30 (See Figure 16). In this case, The ccntralizcr 44 may be configured To remain in a 
retracted mode during iho hip cbwn, and to open when the RIT J 0 lands in the sub 30. If 
will be uuiiorstood that afher eeiihHlizcr 44 configurations may he iulplemcuted whft the 
invention as known in. lhe art. 

The RTT 10 and sub 30 have EM properties ainribr to a coaxial cable, with the 
RIT 10 acting as the rtmer conductor, and Che sub 30 acting ru (lie outer conductor of a 
coaxial cable. If tlie drilling mud j* conductive, then Ihc "coax" is lossy, if the drilling 
friud is oil based, the "max" will have liule attenuation. Parasitic antenna 12 coupling 
may take pkee inside of the sub 30 between I'eceiver-ivcciver or transmitter-receiver. As 
described above, the shields 26 sunrvnmdmg die antenna 12 arc grounded to the mandrel 
of tlie KIT It) to minimize capaeitive ami TEM coupling between Uxcni. Electrically 
balancing the antennas 12 also provktes for TEM coupling rejection. The ceatniHvgn 44 
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may also be used as a means of wufocl to provide radio- fr^quwucy (if) short-dncuifc 
between the PUT 10 and (hi? sub 30 to prevent paretic ooupliug. For ejtKnipkn small 
wheels with sliaip teeth may be mounted on the ceiitinlizetff 44 (o ensure a hard shorf 
between the RTT 1 0 snd (he sub 30 (not shown). 

4*S Prretfiirc Barrier 

Since esjch aloC fully penetrates tlie wall oJ* the sub 30, an in^halhig pressure 
barrier lwclL to maintain tlio differential pnM&ure between tlie inside an<1 the outside ol 
the sab 30 anil lo maintain hydraulic integrity. There are a vari^Cy of methods \'ot 
establishing a pre&Bun; barriur between the^ub 30 ID andOD at the slotted station 36. 

Turning to Figure 7a, &ti embodiment of a suh 30 Willi a pressure b&nrier of the 
i/.iYftdkai is shown. A cylindrical sleeve 52 is positioned within the Central bore 32 ofttie 
sub 30 m alignment wilh the slot(s) 3K. The Bicevc 52 5s formed of a material that 
provides transparency fi> RM cuaxy. Useable ttwLciiaLs include the class of 
potyetherketones described in U.S. L'at No. 4,320,224> or otlier suitable icshts, Victtex 
USA % Inc. of Wosf Chester, PA mMiuiucUiras oob type catted PEEK. Another usablo 
compound is known as PKK. Cytot Fitwrite) Greene / arid JSWSP inartcet olicr 
suitable thermoplastic t^iu materials. Another useable material is Tetragonal Phase 
Zirconia ceramic ( b , M > ), manufactured by C^rs Ceramics, of Golden, Colorado, It will 
he appiwialed by ihoso skilled in the act that Lhcsc and other tmterials may be combined 
to form a useable sleeve 52. 

FH&L and PBBK can withstand substantial pressure? loading and h^ve bcxai used for 
harsh dnwnbole oundi lions. Ceramics cm withstand substantially higher loada, but Uicy 
are not particularly tolerant to shod:. Oorripotaliuns of wound PEEK or PER and glass* 
carbciu r or KEVLAll may afoo be used fo enhance Che sinscrglh of the sleeve 52, 

A retainer 54 and spacer 56 aie included within the central bore 32 to soppuil. the 
sleeve 52 and provide for dlBplaccmait and alignment with the slots 38. The sleeve 52 is 
positioned bet^cjn the retainer 54 and ftptocr 56, which are fanned as hollow cylinders 
to fit coaxi&lly within the central bore 32, Both are |>re£ie#ably made of skinless steel_ 
Hie ietaif>jt;r 54 is connected to (h» sleeve 52 at one aid, with the sleeve 52 fitting 
eoaxially inside the retainer 54. As the rfiffiroilial pressure tticrcascs within dti^ID of the 
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Biib 30 during operation, the sleeve 52 -tufas Ihc loading, isolating the sub 30 from the 
prattum in Utc? doited region, Hydraulic integrity i« maintained at me junction behveen 
the sleeve 52 and retainer 54 by an O-riug seal 53. A fitted "key" 55 is used to engage 
Ihc deevc 52 to the retainer 54, preventing one from rotating relative to Ihc other (See 
r%ire 7a blow-up). An index pin 57 is fitted Itaough the sub 30 and engHgpd to the free 
art! of the retainer 54 to prevent the retainer from rotating within the bote 32 of the Aub 
30. 0-i ing.f; 59 are also placed within grooves on the Ot> of the retainer 54 to provide a 
hydraulic seal between the retainer 54 fmd foe sub 30. 

Tn ^c^ticn, lire internal sleeve 52 will Hkcly undcjgo axial thermal expansion 
due to high downhole temperature). TMua, H is preferable for the sleeve 52 to be capable 
of axial rriovewwxl as it undergoes tliese changes ifi order Co prevent buckling, The spacer 
56 consists of an inner cyl trader 60 within an outer cylinder 62. A spring 64 at one cad of 
the OD of fbe inner oyliudc* 60 provides an a^ial foixw against the outer cylinder 02 
(analogous to an automotive shock absorber). The outer cylinder 62 is connected (o the 
alcove 52 usiug the key 55 and O-rmg seal 53 al the junction as described above and 
shown in. the blow-up in Figure 7a. The spring-loaded spacer 56 accounts Ibr differential 
(hernial expansion of the compuneuta Tlie sub 30 embodiment or Figure 7a is shown 
uoimeetcd (o other tubular members by threaded oilfield connections 70. 

For purposes of illustration, a sub 30 with only one sbt 38 is shown in Figure 7a. 
Other embodiments may include several sleeves 52 interconneelod in the described 
manner to provide individual pressure barriers over multiple slotted stations 36 (not 
Shown). With litis configuration, only two O-ring 53 seals to the ID of the sub 30 aw 
used over the entire slotted array section. This minlnri/,es tlie risk involved with dragging 
the 0-rio&? 53 over the slots 38 duiing assembly or repair. P/guro 7b shows a ctos!*- 
section of the sub 30 (Along line A-A of Hgure 7a) with a throosJot 38 configuration. 

Figure 8a shows another embodiment of a sub 30 witli a pressure barrier of tlie 
invention. In thin embodiment, tlie spring-loaded spacer 56 maintains flic outer cylinder 
62 abmied against, the sleeve 52 and O-riugB 68 are placed within grooves on the OD of 
Ihc drove 52, preferably at both ends of tlie slot 38. The retainer 54 rests at one end 
against a shoulder or tab 5$ fonncd on the wall, of Ihc central bore 32, Figure Kb »>kwb a 
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cross-section of the sub .10 («kjng luie B-B of Mguie 8a) with a thice-slot 38 
oonfiguAUlxm. 

In another einbortijTKnt of a treasure barrier of the invention, a sleeve 52 ruadc 
out or PT3TTK or PftK. or glass, carbon, or KBVLAR SOad vcraions oi these materials,' 
may bo bonded to a metal limit (not shown), where the insert contains Curings to A«a] 
agatwsC Ctit? eub 30 as described above. The metal insert could be mounted within tlie sub 
30 as described above or with tlio use of fastener tnvmu or lockiug pins (not ahown). The 
sleeve matciiat may also lis molded or wrapped onto tlie supporting insert, "the fiber* in 
tlie wrapped material can also bo aligned to provide additional strength. 

Figure 9a allows another embodiment of a pressure banicr of tlie invention, In 
this embodiment, the cylindrical sleeve 52 is held in alignment with tlie sfot(B) 38 by a 
metal retainer 72. The retainer 72 TU ay be formed as a tings piece with an apprq>riatc- 
«1ot 74 e«t into it for signal passage as shown, or as independent nieces supporting ihc 
sleeve 52 at tlie top and bottom (not shown). The telaiuer 72 may he eorjslrainod from 
axial movement or rotation within die sub 30 by any of several trteans known in the art, 
including an index-pin mecfattmnu or a kcyert-jain-lM type an-angement {not shown). 
Tlie slot 38 may also be filled with a protective insert w will bo further described below. 
In operation, a RTT 10 ia positioned within the hub 30 such that the anlcmia 12 is aligned 
wim (lie slof(s) 38. 

As shown in Figure %, the retainer 72 is formed such that it extend into and 
reduces the ID of the sub 30 to constrain tlie RET 10. Mudflow occur* through several 
channels or openings 76 in the retainer 72 and though the anQAthm 7S between (he RIT 10 
and die retainer 72 The retainer 72 in effect acts to a ccnnaltzer to alabilizc the EtJ.T 10 
and to keep it from hitting the ID of the sub 30, Towering shod: Te**l» and increasing 
reliability. 

Figure 10 sliows another embodiment of a pressure barrier of the invention, A 
sub 30 may he. formed with a shop joint 80 bo that the sleeve 52 can be inserted within the 
central bore 32, The sleeve 52 is fonucd as described above and provide*, a hydraulic kc«I 
using O-rings S2 within grooves at both ends on the CJH of die sleeve 52, Tlie sleeve 52 
is restrained from axtaJ moved wot within the ceuurai bore 32 by a lip 84 fbrnwd on one 
end of tlie two-pieue aub 30 and by ihc end of the matching sub 30 joint. Since the sleeve 
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.-52 sirs Rush Vfithin h recess in the 11) of the sub 30, this con%iracion offcra 
umcstiicted passage to a Targe diameter RIT 10, l'Jus configuration also provides easy 
access to the sleeve 52 and slotfs) J 8 for maintenance and inspection. 

Turning to Pigure f 1., moGvx embodiment of a piumm barrier of the invention is 
kIiowh. He? slot 38 in the sub 30 <a three-slewed, preferably with ruily rounded ends. 
One of flic steps provides a hearing shoulder 90 for an insert 92, and the other two 
surfaces form the geometry Jbr an CMing groove 9+ ux eonjimction with the insert 92. A 
modified O-ring seal cottftiirtB of an O-ring 96 RtretoT^I around flie insert .92 at the 
apptopt iafe step, wttli rnelal elements 98 placed on opposite sides of the O-ring 96. 'J "he 
metal elements 98 are preferably m Ifaa forni of closed loops. 

The tfJeevo 52 may be fitted within ihc sub 30 with one or more O-ruigs (no I 
shown) to improve hytir«idic integrity as described above. As shown in Figuic 11, the 
sleeve 52 nifty alee have a slot 100 penetrating its wall to provide an unobstructed 
channel for any incoming or oulgoiug signal. The sleeve 52 may have a matching slot 
100 Jbr every siot J 8 in the sub 30. 

The insert 92 and sleeve 52 arc preferably made of Ihc dielectric niKlerials 
•described above to permit line passage of EM energy, However, if the sleeve 52 is 
configured with a slot 100, the sleeve 52 may be formed front any suitable material. 

If the sleeve 52 ix configured with a slot J 00, the internal pressure of the sub 30 
may push the roscrl 92 outward. 'I lie bearing shoulder 52 takes Ihis load. As Jhe interna! 
lirvssiirc increases, the O-tiug 96 pushes the meud elements 98 against an extrusion gap, 
which effectively closes off the gAp, As a result, there is no room for extaMrion of the Q- 
rhig 96. Sines the metal much harder that) the O-riug material, it docs not extrude at 
all. The modified goonietiy thaelbre ereafes a scenario where a son element (the O-ring) 
provides the seal and * hard clement (the wdal loop) prevails extrusion, which is the 
ideal seal rti(u«lion. hi the event of presBarc reversal, (he sleeve 52 captures the insert 92 
in Ihc slot 38, prevent^ ihc insert 92 from being dislodged. 

Other pressure barrier ^figurations may be implemented with, the invention. 
One approach is the use of several individual sleeves 52 connected together by other 
retaining structure* mid restrained by uprcssuno-ditVeremM seal or a jarn-oul ammaement 
(not shown). Another approach is ihc use of a lung sleeve 52 to span multiple slotted 
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stations 38 (not shown). Still another appro*** in the ubc of a slcove 52 affixed to the OD 
of flic tjul 30 ova- Qii? slotted region, or a combination of an interior ;md exterior sleeve 
52 (hot shown). 

4.4 Slot Inserts 

While the slotted stations o(' the invention arc effective with fully open and 
unblocked 8Jo[b 38, Clio operational life of the assembly vmy bo extended by preventing 
debris and fluids from entering and eroding Ihe Blots 38 and the insdming sleeve 52. The 
slots 3K could he lilted ytfjl, rubber, mi qjoxy-fibei^lass compound, or another suitable 
filler material to keep fluids and debris our while permitting signal passage. 

An embodiment of a sub .30 with s lapcrcd slot 3a ts show* in Figure 12a. The 
slot 38 is tapered such tliat tJio outer opening W, h narrower than the inner opening 
as show to Figure 12b. A iapcrol wedge &8 of jogulaliug material (e.g., fiberglass 
cpoxy) is inserted within the tapered elol 38. The wedge 8« may be bonded into the suh 
30 wiili rubber, The rubber layer suiTounds the wedge 88 and bonds it into ihe sub 30. 
An aimulus of rubber may also be molded on the interior and/or exterior surface of the 
sub 30 to sail the wedge 88 within the sTm38. 

45 Focusing Shield Structures 

Measurements of the attenuation of Uio TE radiation from a isiinuJc coil-wound 
antenna 12 through a single #lol 38 of reasonable dimetisiujjjR show that the TR Held is 
notably attenuated. 'Hits attenuation can bo reduced, however, by using shielding around 
tne antenna, 1 2 to focus the EM' fields into th e *lol 38. 

Turning to Figure 13a, on antenna 12 cons i fit mg of 2 5 turns of wire on a 1.75-iuch 
diw.ueler bobbin was mounted on a I -inch diameter liuta] RIT 10 and positioned Cully 
cccentejvsd radially inside (he bono of a 3.55-inch ID, 6.75-incli OD sub 30 against the slot 
38 and centered verticaliy oti Ihe Blot 38. 'Hie measured attenuation of Ihe TE field 
between 25 km - 2 MTJxavh* a nearly constant 16.5 JB. 

Turning to Figure 13b, the same measurement was performed Willi tho antenna 1.2 
inside a Oriu shield 102 formed ol a fnetafflo tube with a 0.5-inch wide, 6-inch long slot 
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104 aligned with the slot 38 in the Aiib 30 (not shown). The antenna 12 was fully 
bim-oimcicd by flie shield ] 02 except fcr the opcrislot 104 and pi weed msido tlie sab 10, 

The AtieniwCiciii wild this assembly in the mm sub 30 was 11 .8 dl? ; a reduction of 
the attenuation or nearly 5 <rlB, Figures 13b and He respectively show how the shield 
102 iiflbcte the magnetic and electric fields. Tlio .at tenuation due to this shield 102 alone 
is minimal. 

Figure 14 shows another embodiment of a shielding structure of tlie invention. In 
this embodiment, do central bore 32 of the sub 30 is configured -with a bracket structure 
lOfi tli at serves as a focusing, shield by wcroimding the antenna 12 whou the RTT 10 is 
engaged with i ft tlie sub 30 . 

Figure 15 shows another embodiment of a shielding structure of the invention. 
The mandrel of the R1T 10 has a machined pocket or cavity I OS in its body, A coil 
antenna 12 wound on a bobbin J. 10 made of dieleclrre material is mouuled withhi the 
cavity 1 Of}. A Icnitc- rod may replace the iliekelrio bobbin I ] (). Willi this configuration, 
the body of the RfT 1.0 itself serves as a fbcu«rng shield. The hydraulic integrity of the 
RIT EO f* maintained by potting the aute/im 12 with fil)ei^\ee-e]>oxy, rubber, or another 
suitable substance, Tlw attenuation of a coil aulemia 12 having 20(1 turns on a0.87J-iuch 
diameter bobbin was measured for this assembly mounted the same way as described 
above in the sum© sub 30. The measured attenuation w>* only -7 6.3. Jl will be 
Appreciated by those ski Tied ixi the ail thai other types of sources/sensors may be housed 
within theeAvity 108 of the HUT 10. 

4.6 KIT / Sub Configuration* 

Figure 16 show* anouier embodiment Of die invention, A Bub 30 of the invention 
is cnoiuttfcd (o another tiihul&v 111 fanning a nwIsou of a drill suing. The RIT 10 
includes an antenna 1 2, a * linger 14 at tlie lower end, and a fishing head 16 at the lop end. 
The stinger 1 4 is received by the landing shoe 42 on the sub 30, which nxtn to align the 
acUeuna 12 with the slotted slaliou 36", As above, die RIT JO of this cmbodimenl uwlndos 
various electronic*, balttaics, a downhole processor, a cluck, a road-out port, memory, 
etc, (iiot shown) \n a pmssiue homing. The HIT 10 may also incorporate various type* of 
sources/sensors as known in (heart. 
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4.6.1 RIT with Modulator 

The HIT 10 of Pigiine 16 w also equipped with a modnhuor 116 for signal 
commiuii&rtrofJ with the surface, As known in the art, a useable modulator 116 connisCft 
of a rotary valve that operates on a continuous pressure wave in the mud column. By 
changing the phase of the signal (frequency modulation) and detecting these chatiges, a 
signal can be transmitted becweerj. wrfaco and the HIT 1 0. With thiy configuration, 
olio can said the RIT 10 tluuufch ttie drilWiring, if> obtain measurement d*fo (c.g.^ 
resistivity or £#iiLma-r&y counts) of formation c3iaracterijg(h# and lo communicate audi 
dala to Ihe surface in real-time. Alternatively, aJI ur sonic of the measurement data may 
be stored downliole hi the RET 10 memory for later- retrieval. The modulator 1 Ui may 
&lao be UBud fo vciify tliat the ft)T JO fa correcjQy positioned in .the sub 30, and that 
fneaaurenienlB are limcluming properly, it will he apprwialed by those skilTed m 111* art 
Qtal a modulator 1 16 assembly m*y be incorporated with M. of Ihc RTlVsub 
TTisplcini^nUlions of the invention. 

Figure 17 Sliom «oolhcr embodiment of the invasion* The subs M\ afjudRTTs 10 
of Ihe invention may be used to cotmuurjicafe data andtor infitrucf.ioiis between the 
surface and a remote tool 1 1.2 local txl along the dvilt string. For purposes of i]fustHUion> 
the loot 1 12 h shown with a bit hox 1 1 3 /it ihe bottom portion of a drive shaft 114. *lfie 
drrve shaiT 1 1 4 wjuieetod to a drilling motor 1 1 5 via an. internal fi'ansmi (Esfcm assembly 
(not shown) and a bearing section 1 1 7. Tie looi 1 12 also lias ati &tjIhuih 12 mounted cm 
the bit box 1 13. The motor LIS rotates flic shaft 1 14, which rotates the hit box 1 13., thus 
relating Iho antcmia 12 during dc ilfing, 

With the owafiguration of Figure 17, the RIT 10 may be engaged within the &ub 
30 &1. Iho surface or sent flirougli Ihe drill string when the. sub 30 is at a desire*! downholc 
position. Once engaged, a wireless commujaioaiion link may be established between, ihe 
auteima 12 on the RIT [0 arid Ihe antenna 12 on Che tool 112, with the signal passing 
through f lie stotted #ajCtuu 36. In this manner, real-time wireless communication between 
the surface and Ihe downiioic toof 1 1 2 en ay be established, it wfU bo appreciated by Chose 
Skilled in die art thai other typos of sensors and/or >i\gn&l transmit ttng/r^cciviiig devices 
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may be mounted on various typos of remote tools 112 for iu>rjiTriunk«Ckfii with 
Cvrrxe^>ndirig devfoea mounted on iheFT.T 1.0. 

4.6.2 Nuclear Magnetic Resonance Sensing 

[f is Jrrxown that when an assembly of magnetic moments such as tlmse of 
hydrogen nuclei arc exposed to a static magnetic fieJd they tend to aliifii along the 
direction of the magpie Jield> fulling m bulk inagjictizatioii. By measuring the 
tuuocmt of tuny far die hydrogen nuolci to rcaiigu fhciv spin axes, a rapid fiotuleslmeCivc 
def animation of porosity, movable fluid, and permeability of earlh fonirotLons is 
obtained. See A. Timor* Pulsed Nuclear Mapietic Resonant^ xtiutiivs of Porosity, 
Mavahte Fluid, and Partmahitity afftwtbtwws* JOURNAL OP PETROLEUM 'l'BOHNOr.CKlY, 
Juno 1969, p. 775, U.S. Pat. No. 4,717,87$ describes a nuclear ni agnize resoromec well 
logging i n strament einj) f oy i ng th ese tecb u iqu ctf . 

A deteiininafion of formation porosity foam tniigui?Lic resonaiicc may be obtained 
with * nori-Triiignctic sub 30 of.* lbs ixivcnlien as sliown in Figure 18. The aufc 30 can bo 
fonned of the typical liigji-sfrengfh ncm-niagnetic ftteel used in tlic industry. 'Hie RfT 10 
contains tlic electronics, batteries, CI1J, memory, etc, as described above. Opposing 
permanent magnet 1 1 R c^rrtrtiiwd in tin? RIT 10 provide the magnetic itekl. A rfooil 120 
ib mounted between the magnets 1 1 & for generating a m&gnelio field in tho same region to 
excite nuclei oJ: ths /brauilton vieinily. Tlic design of the rf coiT. 120 is similar to the 
antennas 12 described al>ove in being a irndti-lum loop antenna with a central tube for 
ihiough wires and mechanical stenglh. Tho pcnnanciit magnets 1 1 8 and rf coil 120 are 
preferably housed in a nonmagnetic section oPche sub 30 that lias axial slots 38 with * 
pressure barrier (no I ahown) of the invention. 

With a non-magnetic siil> 3(\ Ltie alalia magnetic fields B 0 irom Ihc permanent 
magneto 118 penetrate mlo the aunouiuiing formation to excite (ho nuclei within the 
surrounding fonnation. 'Hie coif 1 20 ia the RTT 10 provides a rf magnetic field B 3 , which 
perpendicular to B n outsido of the suh 30. The eoil 120 is positioned m KHgmncnf 
wilh [lie axial siof{s) 38. in the .sub 30. 

A magnetic resonam s ^ Tjuenyuvcnicut while tripping rj.i&y bo inoro complicated in 
comparrxo/r. Co jarapagation resistivity j-fie^cirefjxccils duo to various, factors, including: an 
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inherently lower signal^Mioise rafoi, permanent magnet form f ac *oi«, rf coil efficiency, 
high Q aufenna tun rug, high power demands, add a bIoww logging speed, 

4.G.3 Gamma-Ray Measurement 

K is known that garmriK. ray hanspoit measurements through a formation can be 
used to determine rto characteristics such as density. Tiic intention of gamma rays by 
Couipton scattering is dependent only upon the number density of.' Ihc scattering 
electrons. This in turn is dbectly jjiToportioiial to the bulk density of the formation. 
Conventional logging toolw have been implemented with detecior* and a source of 
gamma rays wboac primary mode of irxersouon is Compton Koatloring. Ate U.S. Pat, tto. 
5,250,806', assigned to the present assignee. Cam/jia ray fonuatron measurements have 
also bee*, hnpkmcntcd in LWT technology. See Logging while tripping ™f 9 time to am 
gumma ray, Oil & C.;as Joi^nal, Juuc 1*96, pp. 65-66. The pjeser.t invention may be 
used to obtain gaiiuna-ray measurements us known in the art, providing adjutages over 
knowji nnjilemenhtfious. 

The subs 30 of the invenuim i>rovidc tlie structural integrity requited for drilling 
operations while also providing a Jow-density channel for the passage of gamma wtys. 
Turning to Figure 4b, this coaliguratiou is used to illustrate a garmna-ray hnplemenlaliun 
of Hie invention. Iu this implementation, a KIT 10 f« equipped with a gwnnuvray source 
and gamma-iay detectors (not shown) of the lypc known hi the ail and described iu the 
4 806 patent. Tito antenna* 12 of Figure 4b would be replaced witli « gamma-ray oource 
and gamma-ray detecto™ (not shown). 

Two gamma-ray detector* are typically used in Ibis type of measurement. Tbs 
ganttna-ray detectors are placed on the KIT 10 at appropriate springs from the source as 
known in Ihc ait, The slotted Btauons 36 are Also appropriately placed to match the 
source and detector positions of the RTT 10, Cafrhratfon of the measurement may be 
required (o account for the rays uaiisiniffed along the inside of the sub 30. The gamma- 
ray detectors may also be appropriately housed within Hie RJT 10 to shield them from 
dhect ladiation Irom the souroe a» known in the art. 

Turning Ui Figure 14, thi» ixmfiguiation h wed to illustrate another gamma-ray 
implementation of the invention. With the RIT 10 equipped with the described garama- 
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ray ussembly and eccente«4 toward tho slots 3K, this configuration will capture the 
scattered gamma rays more efficiently and pnm'do less transtnwsion loss. 



4.6.4 Resistivity Mcasin emeaif 

The invention may be used to measure I tmn« (ion resistivity using electromagnetic 
propagation techniques as known in the art, including those ilawribcd in U.S. Pats. *tos, 
5,594,343 ami 4,899,112 (both Resigned to the present assignee). figures 19a and 1% 
show two RJT 10 / sub 3 (J configurations of flic invention. A pair of cenirally located 
receiver antennas Rx arc used £o measure the phase shift and noeauatiou of KM waves, 
l-ook-up Cables may !>e used 1o deferable phase shift resistivity and attenuation 
resistivity. Transmitter antennae Tx are- placed above and below the leceivw auteimas 
R x\ eiOin- in the configuration shown in Figure 19a, which lias two sytri medically placed 
transmitter antenna* Tx, or in the con figuration shown in Figure 19b, which has several 
transmitter antenna* Tx above and befow the receiver antennas Rx. Tie anchiieoiure- of 
Figure 19a can be used to make a borehole compensated phase-shift and attenuation 
resistivity measureniciit, -while the mulliplc Tx spacing* of Figure tS?fo can measure 
borehole compensated phafte-ahift and attenuan'oii with multiple depths of investigation, 
Jt wilt he appreciated by those skilled in die ait that oilier Boaree/sensor configuration* 
and algorithm* or models may be used Co make formation measurements and determine 
the forma (ion characteristics. 

4,7 Inductively-Coupled RlT / Sub 

Twining to Figure 20, other cmbodi merits of a sub 30 and RJT 10 of the invention 
are shown. The $ub 30 contains one or rnoro integral antennas 1 2 mounted on the OE> of 
the elongated body Jbr l7«nsniitring and/or Toccaving eleulnnnagnetrc mingy. The 
antennas 12 are embedded in fiberglass epoxy, witli a rubber ovor-inold.uig as described 
above The Rub 30 also has one or more inductive couplera 122 distributed along its 
tubular wall 
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The RIT 10 lias a small-dimeter presKnr* housing such as the one deHerib'jrl *boYCy 
which contains electronic*, baffcrics, dowiiliolc processor, cloiJ;^, re*id-ouf poxt recording, 
memory, etc, and ouoor more Inductive couplers 122 mounted ufoog Us body. 

As shown in Figare 21 a, the RIP tfl i» ccccnfcnxl iiisicfc the sub 30 so thai lh« inductive- 
coupler^}. [22 in the RTT 11) »wl (ho i»ductivo couplers) 122 in. the »ufc 3D wo in close 
proximity. The couplers 120 consist of winding? romicd around a ferrite body as known in the 
art. Peed-lhrouyhs 3 24 connect the an(duua 12 wires to the inducLive coupler 122 Socated in a 
small poefce* UC iu the sub 30. A metal shield 1 28 wilh vertical iHote covers each antenna 32 to 
protect it from mechanical damage and provide Ihe dc«irod electromagnetic illtcihig properties a? 
previously described. Orreutly posilioaiitig the R1T 10 inside tlie sub 30 fcnpru-vai the efficiency 
of the inductive coupling, Positioning is accomplished using a stinger and landing shoe (Sec 
Figure 4a) to ecoeiitei the RIT 10 within ihe sub 30. Figure 21 b provides a top view of the RTT 
1 0 eccenlered wilhm the $ub 30 along Jiiio 21b of Figuio 21a. it will be appreciated hy Ihoso 
skilled its flic art that other eccentering systems maybe used ki implement the invention. 

As sliown in Figure 22a, the inductive ooupte™ 122 hnvc *U" shaped cores nude oi" 
lecri te. The ferrtte core imd winding are pn-ltod in fihcrglass-cpoxy, ova* molded with rubber 
111, \tnii mounted wilhin a coupler package 130 fomictf of metal. The coupler package L30 niziy 
be fbimcd of stainless stcol or a non-magnetic metal. Standard O-ring R>eal$ 1 32 plac-nd around 
the induutive coupler pontage 1 30 provide fi hydraulic scaJ, The inductive couplers 122 in the 
HIT It? irtay also bo potted in fibergjass-epoxy arid ovef molded with rubber 131. A thiri 
cylindrical shield made of PEEK or PTCK may alwi he placed on the OI> of fho sub 355 fo protect 
ajid Secure the onuplcr pi*c|<&gc 1 30 (not rilOWJl), 

In opcnOioTi, iherc wifl bo a gap between the inductive- couplers 122 in the RIT 10 and (lie 
«ib so the coupling wall not be 100% elllcient. To improve the coupling efficiency and (n 
lessen the err©al» of mix-alignment of the pole face*, it i.«? HcwflbJo ftatbc pole faces to haw as 
large, a sur&cc aioa as possible 

Figure 22b show* a 3.7S-inc>i long by 1-inch wide fllot 38 in (ho sub 30. The polo faoo 
for ihw inductive coupler 122 iu J.I -inch c$ long by 0.7 5 inch widc> giving an overlap area of 
0.325 square inches* Ibis configuration inaintaiais a high coupling ellicie^icy and reduces tho 
effects due to the following: movement of the RIT 10 during 
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drill [iig or Irii3ping > variations in the gap betvvwfi (he inductive coupler? 122, and 
variations in the angle of the RIT 1.0 with respect to .the siib 30. Another advantage of a 
long slot design i» JltnL il provides space for the pressure fcod-thioughs 124 in the 
inductive coupler package 130. 

Aitfcmia tuning dements (capacitor*) nmy tdso bo placed in this package 130 if 
neoded. If will be appreciated by Ihwc skilled iu the art that cutwc «pcrtuu> canfiguratrotia 
roay be formed in the walls of the sub 30 to achieve Lhc desired inductive coupling, such 
as the circular hotes ulicwn iu Figure 20, 

Since (he pressure inside the &ub 30 will be 1-2 Kpsi higher than outside the sub 
30 in mori cases^ the i f ixin 01 5 v & coupler paclcage lUU s&ould be mechanically held in 
place. Tunuiiis to Figure 25, the amemw shield 12& can be used 10 retain flie inductfve 
coupler p^Ugg 130 in pkice. The slirehi 128 having slots over the antenna 12 as 
described above, but solid elsewhere, Tire solid portion retain* the inductive coupler 
package 130 antl Lukes to* toad fiom the diJVerentinl jnwnrc dvop. Tab* may also be 
placed on the outside of the inductive coupler package 1 30 lo keep it fiom moving inwaid 
(not Shown). The sliicld 123 may also be threaded on its I'D;, with tfw Ihroads eugaging 
matdmig'togs"™ tlie 30 (not shown). 

Figine 24 shows a simple ciicuic model for an embodiment of tlie inductive 
coupler and tranHiTiifUr wiCauia of tho invention. On the Mr 10 sade^ the cencuf is l ]? 
and ihe vellum Ltr V,. On tlie sub 3f> aide, the cuireul is l 2 and lhc voltage ts V 2 . TJic 
mutual inductance m rad tticsclf-iiiducfanceoCcatlihalf is L. Thi* inductive ooupTer 
i$ symmetric with the same number of turns on each hafT, WiUi the direction ofl* defined 
in Figure .24, the voltage and current* ore related by V t =j A>LI f +i<»MI 3 $nd 
V^j^MIjj^l^, The antenna impedance is primarily inductive (L A ) with a small 
resistive pad (Rj, Z A =R^42?L A , Typleally (he inductive impedance is about 100 £i> 
while tho resistive hripedmcc is about 10 Li. A tuning capacitor (Q may hs used Iu 
cancel the atilaaua indnctauce, giving n RIT side impedance Zf= Rt+j&LtffwC '-'R K . 
The ratio oT the currenl. delivered to the arutenna to the curreni driving tlie inductive 
coupler is = -j mWQm L + R A +j a>L A jV/vC), The inductive coupler lias many 
turns and a hfgh permeability core, so L» T, A and To good application, 

I A = - -M/L (the sign bemg relative to the directum of euncnt flow in Figure 24). 



23 



240806 



4.8 1 ntplcrikratatioii* of the Invention 

As described above, the RIT 10 may be equipped with internal dalti borage mean*? . 
suet) hs eonvaitional memory ncitf other forms of the Mnd woll known in die art or 
subsequently developed, These storage means nnvy boused to communicate data, and'or 
inslructkuuj bchYcaithc. surface ami IliodowiilioJe RJT 30. Received signal data may be 
storxxl downhole within th^ florago uicans and subsequently retrieved when the RJT 10 is 
returned to flic aurfaco. As known in the. ari^ h computer (or oClicr recording means) at the 
aurfara krcp& took of time versus Oowuhoic position oi'llio sub so thai skrocxl data can be 
correlated with & dowiiholc location. A Uenia lively # the srgnul data and/or instructions 
may be communicated in reaMiine between Lho surface and lbs RIT 10 by LWD/MWD 
Cctenictry as known i]i the art, 

Figure 25 illustrates a flow digram of a mefhoil 300 for transmitting and/or 
receiving a signal through «ji csrlli formation m Record with 'the bvcnticni. 'J Vie method 
comprises drilling a borehole thmugh Che earth formation with a drill string, the drill 
airing including a sub having an elongated body with tubular waJte and including at least 
one station having at least one slot funned therein, each al least one slot fully penetrating 
the tubular wall to provide a continuous channel lor ibe passage of decfromagnetic. 
energy 305; engaging a nxn-irt tool within the sub, the run-in tool being adapfdd wilh 
sfgtial iTsnsinifting mean* and/ur tibial receiving moans 310; lowUing the run-in looi 
within the sub well thai at least one atgnwl transmitting or receiving ine^is is aligned wtlh 
at least one slotted station otx (he sub 315; and transmitting or receiving a signal through 
tiio formation, respectively via the transmitting or rece/.ving means 320, 

Figure 2rt iffuemttcs a flow diagram of a mtfhod 400 for measuring a 
ctiarjwl eristic of an earih formation surrounding a borehole in accord with flic invention. 
The method comprises adapting a downUplc tool with ul least one signal transmhting 
means and at least one signal receiving means 405; adapting the dowiiholc tool with end 
means capable of accepting a .Ifclriug head or & cable connexion 410; and wtlh the fishing 
head on the tool, engaging the tool within a drill firing to measure tlic fbnnjnlivn 
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cliaracter»«lic, utilizing the transmitting «nd receiving mearw, as the drill string traverses 
Ibe borehole; with flie wbte oonnee-tian on the tool, connecting a cabb lo the tool and 
suspending the tooJ within the borehole to measure the Ibnnafioii characteristic utilizing 
the tratjjfiflauting and receiving means 420. 

The method 400 of Figure 26 may be fTiiplwnoutcd with l?ic run-in fools 10 and 
subs 30 ol'TJit juvcaition. 'Hie run- hi tool may be configured with an end segment or cap 
{not shown) adapted to receive the previously descaibed IMing bead or a eable 
connection. With the fishing hem) ooimccfed to Che run-in tool, the I no] way be iu*i in 
accord with the disclosed implementations. Wilh the cable connection, the am-in tool 
may be uaed as a memory-mode wireline fooJ. 

It will be understood that the JbUowing methods fiur waling an opening or slot on 
the surface of a tubular are based on (lie disclosed pressure bairim and slat inserts of foe 
invention. 

[%ire 27 illustrates a flow diagram of a method 500 for sealing an opening on llic 
surface of a tubular, whcrcdii the tuhular has an elongated body with tabular wal]s and a 
cenlral bore. The method comprises placing qji mucarl within the Openiug, the insert being 
forced hi am shape of the opening 505; and applying a bonding material to tfie insert 
and/ar opening: to bond th e i nser( vvilluu the open i ng 5 10. 

Figure 28 illufHrates «, flow diagram of a method 600 for sealing a fully 
penetrating opening en tbo surface of a tubular having m elongated body with tubular 
wall* and a central bo re. The method comprises placing an insert witlun the opening, the 
insert being Tortiied in the shape oftfw opening 605, and placing Elaine* means within 
the tubular to support the insert against the opening 610. 

Wh/.b die methods and apparatus of this invention have been described as specific 
embodiments* it will he apparent to tht*e skilled in the hA that variations may be apphed 
to Iho structures and in the steps or i» die sequence of steps of tlu? methods desoribed 
herein virffhoul departing Item (be concept and seopc of the invention. Por example, the 
invention may be implemented in a ^figuration wlusrein one lUT/mib unit \* equipped 
to measure a oimibinafion of Ibttnation cJiaraclecialic^ iucluding resistivity, porosity and 
density. All such similar variations appattnUo those Rkilled in the an arc deemed to be 
wilhm this concept and seope of the invention as delincd by the appended claims. 
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WHAT IS' CLAIMED IS; 

.1 

L . A dow/iholc tubular, comprising; 

an efongated body with tubular walls and a ratfnil bcrc, the body including at 
least one slot Jbrrrwd Oncm sncli thai Lhs slot fufly pettelmlcs the tubular wall; 
and 

means to provide a pressure barrier between the interior and exterior of the lubulav 
wkII, (lie means locjited wiiliin fclio central bcirc in alignment with the at least one? 
*)jut. 

2, Tlw downhole tubular of claim 1, wherein Ibc walls of Che elongated body ai* 
tally intfallio. 

*- Tbo dowjiliolc tubular cil elaim 1, wJiereij) flu? means to provide a pressure bamcr 
comprise a sleeve formed of a material providing transparency to 
elwtroiiiHgnefic energy, 

L The dmvnfaote tubular of rta'nn 1 , wherein the etongafcd body Includes connecting 
means at each end Ihsreoi; flic oonneutmg means adapted fur connection Co otJier 
tubular rrxouibara, 

!. The dowiiliob tubular of claim 1 /further comprising a retainer disposed within 
fJie cBMtsi bore to maintain the pressure barrio means in alignment with foe at 
least one slot. 

'me downhole tubular of elaim 1, further comprising at lsast one spacer disposed 
within the cefltrid bore and adapted with spring means to alto* for displacement 
of the pressure- bamer me*™. 

The downhof e tubular of claim 1 p further comprising means lor receiving u run-in 
fool within (he oentol boj*. 
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The dosvnhoic tabular of claim 7, further cauprising af Tea* one caiftntt/cr 
willuu the central here to constrain Hie movement of the run -in tool whef* ihc tool 
is located wiltan Ihc tubular. 

The downhold tubular of claim 7, wherein the run-in tool comprises at least one 
^ceulralizer to constrain the movement of the 'nawn fool when the tool i* located 
within ihc tubular. 



The downholc tuoular ol'ehwu 1, wherein ihc tabular secli<n:> including ifa at 
least one slot is fanned of a non-magnetic; material. 

The uownhole tubular of claim 1, wherein the at least one slot comprises «i insert 
or' filler material. 

A system for receiving a rau-in tool, comprising: 

a sub having m elongated hody with tubular walk and a central lore, the sub 

being adapted to fbnn a portion ofa length of drill siring; 
the sub including at ieast one station having at least one slot formed therein swell 

(hat the slot folly penetrates the tubular wall to provide a continuous channel. 

for Ihe passage of a *fgual; 

the run-in tool being adapted for transit through, tin? tliiil string and into the central 

hereof the aub; and 
inoans for receiving the imi-in tool within tlie sub. 

The system of chum 12, wherein, (he at least one dotted station incJudes menns to 
provide a imcssure harrier between the interior and extent of the tubular wall. 

The system of claim 13, wberetn the means to provide a pressure, banter includes 
a sleeve positioned in alignment with the slotted station. 
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The system ot'c-iaiin 12, wherein ITuo mn-iri tool pompises at least one antenna 
Jttlap Led to transni it aod/or receive electromagnet! c enet gy . 

Tho system of eteim 15, wherein tTic receiving meaas ie adapted to locate tlie run- 
in. Cool within the hoi* 8 uch tliaf at least one antenna on (he tool Is aligned with a 
slotted feLsiiou on the sub. 

The system of chrax 15, wherein at least one antenna on thu run-In tool i» 
stUTOuudod ly a shield, Ihc shield havi ng 6 1 least one slot formed th ereh. 

The system of claim 12, wherein the run-in tool corAipriBcs one oCa gmnma-ray 
source or a neutron. souice. 

A system for iteoeivjuganin-in tool, comprising: 

a sub hiving an elongated body with, tabular wall* and a central bore, the s«b 

being adapted to form A portion of a length of dri If string 
the sub including at least one inJuotivc couplhjg means disposed thereon; 
the aub including at IckbC one signal source or sensor disposed thw-uou; 
the rati-iu tool including (A least one inductive coupling means disposed thereon; 
ate mii -xn tool being adapted f or transit through flu? drill string and into the ecntial 

bore ol" the sub; and 
means for receiving the run-in tool within the sub. 

The system or claim 19, wherein the at least one induelivc coupling means 
disposed on the sub is electrically connected to at least one trarwniTtting source or 
sensor on the sob. 

The sy«limi of claim wherein the at least one signal <oinqo is adapted to 
tran«aiil electro magnetic energy and the at least one sensor is adapted to receive 
electro magnetic energy. 



The aytfem of claim 19, whenan Uic receiving rnmis is adapted to locate- the run- 
in tool within the central bone such thai «i least one inductive coupling means on 
tf» run-in tool i s al ign«f with at least one i nduciivo coupling menus on th a sub. 

A method for transmitting and/or lvccaving a signal through an earth formation, 
comprising: . 

a) chilling a bomfipfe through the earth fbnnation with a drill string, the drill 
string including a sub having an elongated body with tubular w&Hr and 
irodirding at least one suaion having at least one slot formed uiordu, each 
at least one Mot fully penetrating tlic tabular wall to provide a continuous 
channel for the passage of a signai; 

b) engaging a ruivhi tool within (lit sub, the rqo-ita (ool being adapted with 
sigual traiiAmitlbg moans and/or signal receiving meatus; 

o) locating the run-in tool within th* sub such thai at least one signal 
transmitting or receiving means is aligned with a( least one sfotled station 
on (lie sub; and 

0 fiwwrtiitting or receiving a signal through the formation, respectively via 
the transmit! ing or receiving means. 

The method of claiai 23, wherein the signal trail smriu'xig means are adapted to- 
transmit electromagnetic energy and the fcignd receiving mcuus are adapltxl to 
receive elwlromagnetlc energy. 

The method of claim 24, further comprising relating tile received electromagnetic 
energy to formation resistivity, 

A method for measuring a characteristic of au earth formation su/rounding a 
borehole, comprising: 

a) adapting a downholc tooT *rih at least one signal transmitting means and 
at leas*l our signal receivrriguTCuns; 
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I b) adapting the downholc tool with ttid means capable of accepting a fishing 

3 hesd or a w*bk connect ton; and 

j o) with the fish tag head on the tool, eagaging tlie tonl within a drift string to 

4 ruemurc flic formation duractcrisfic, utilizing the trftnamitting and 
t> reserving mwtus, as th e drill $lnn g travejses th e borehole, 

o d) wi.th llic cable connection wi the toot, cfltmectiiig a cable 1o the toot aud 

*? suspending the tool within tlie borehole to measure the formation 

s diaracteri stic U tiimug tlie transmitting and sece ivi n g means. 

]o 27. Tlie method of claim whenoiu step (e) comprises engaging the tool mdm\ a 

n sub on the drfl] tfring, wherein the aub has an elrmgaCcd body wrlh tubular waTl$ 

12 arid includes at teast ow slation having «C lwitf one dot turned therein audi that 

n (he slot fuJTy peneirafcs tire tubular wall to provide & euutiuuous channel for tlie 

h pa*w*g<; of a signal. 

1.3 

16 28. A method for sealing a fully penetrating opening on u tubular, the tubular having 

]? a*i elongated body with tubular walls and a waitru! boj«. adapted for fliiid passage, 

)R diaiiacterized by 

w a) placing an insert, wilhin the opening, tlie insert being formed in the shape 

20 of flic open hiy; and 

n h) applying a bonding matcaial to the insert and/or opening to bond the insert 

n wf thi t\ (he? opening. 

2^1 29. The method of d*hn 2S > furflirr dinracferfzed by placing a cylindrical sleeve. 

** within tho central bone or wound the oulcr surface of (he fubular b nlignmeni \vilh 

m Ihc opening. 

37 

2a 30. The method of nuy elaiiu 28, farther characGtfijcod by plating a metallic shield 

*tf around tlie outer surlaoe of tlie tubular in alignment with the opening to restrain 

30 the in soil 

31 
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31 . A method for waling a fully penetrating opening on a tubular, the tubular having 
an elongated body with tubular walls aud a central, bore, charactered by 

ft) placing an insert within ihe epeniug, the insert being fbnned in the shape 
of the opening, and 

b) placing wteinor means within the tubular to support the insert against the 
opening. 

32. The metliod or uluin 31, wherein the retainer ineans comprises a sleeve 
powtfontxl oooxUly within the cental bore of the tubular. 

33. The method of claim 31, wherein step (*) comprises placing Ihc insert within Lhe 
opening from within the central bore outwaid. 

34. The method of anj cMut 31, wJierein the iumal is formed of a material providing 
1 rAritfparcnoy to clectw»m agn etie energy. 
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DOWNHOLE SIGNAL COMMUNICATION AND MEASUnKMRNT TIiRCWGR 

A METAL TUBULAR 

ABSTRACT 

Systems arid methods Jbr dowrihole coiTittmriie&Lioti njid measurement utilizing an 
improved mcUUUc lubulw (30) having wu. clou u« led body with tubular walls and a centra] 
bore (32) adapted to receive a run-in fool (10). 'Hie tubal at mcluding slotted stations fo 
provide tlinnigli-fnbiilar signal transmission and/or reception. Hydraulic iijoMoii 
bel^ttK the ijtlteriot m<] exterior of.' the lubular i*r provided by pressure hairier means at 
the siotfed stations. Sensors aud/or sources are mounted on the run -if i tod, which is 
adapted for transmission through a drill string to engage wiClrin liic tubular hi alignment 
Willi the slotted stations. A run-in tool configuration includes a modulator lor real-time 
wireless coimnxuiicafion with the surface and/or remote dnwrtfiole loola. A lufaular and 
ruu-iu Joul configuration also includes inductive couplers (122) for wireless aigoal data 
Ixansfcr. A method for measuring a fonnatiou characteristic utilizing a nm-iti Cool 
adapted with an interchangeable end segmenl for multi-mode downhole transport. 
Methods fir scaling xiu opcaiiiig (SS) on the surface of a tubular having bjcji elougalcd body 
wrth tubular wall* and a central bore. 
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